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A subpopulation of basal epithelial cells which retains 
tritiated thymidine label for extended periods was pre-
viously demonstrated in skin and oral mucosae of mice. 
The present study examined the presence of similar cells 
in hamsters. Five-day-old hamsters were labeled with 
tritiated thymidine and the rate at which label was 
diluted from the basal cells observed.A small percentage 
of basal cells was found to retain label for up to 69 days. 
The location of such label-retaining cells (LRCs) in 
the palatal epithelium and in tongue papillae was ex-
amined. Thirty and 69 days after labeling, approxi-
mately 80% of LRCs in palate were located in the prox-
imal halves of papillae and 80% of LRCs in tongue were 
positioned basally with approximately 30% of such 
LRCs occupying positions previously suggested to be 
stem cell locations. 
The finding that s lowly cycling keratinocytes are re-
lated to patterns of tissue architecture is compatible with 
a function of these cells as epithelial stem cells. 
Early studies of the patterns of cell proliferation and matu-
ration in stratified squamous epithelia [1,2) suggested that 
basal cells are essentia lly homogenous with respect to their 
probability of dividing or emigrating from the basal layer. More 
recently, however, evidence of inhomogeneity of the basal cell 
population has been demonstrated. For example, the columnar 
units of structure in mouse [3,4] and hamster [5] ear epidermis 
show mitotic activity [5,6] and labeling with tritiated thymidine 
WHJdThd) [7] primarily in the basal cells located beneath t he 
periphery of t he overlying cell columns. Other observations 
have been made which suggest differences in the proliferative 
capacities of basal cells [8- 11] or in their ultrastructural ap-
pearance [12,13]. 
The stem ce ll s of a renewing tissue may be considered to be 
t he ultimate progenitor cells which, by division, are capable of 
renewing themselves while producing cells which enter the 
maturation pathway for tissue function. In one sense it is clear 
that epithelia contain stem cells: the tissue is continually 
renewed by proliferation throughout life. However, the exist-
ence of units of structu re associated with nonrandom patterns 
of basal cell division [6,14,15] together with the results of clonal 
regeneration studies following irradiation [10,11] have led to a 
concept of epidermopoiesis in which slowly cycling stem cells 
divide to produce cells that are committed to differentiation 
but undergo further amplification divisions before maturation 
[16,17]. This concept is similar to t hat proposed for hemato-
poiesis [18] . The importance of this concept is that only a 
fraction of proliferative basal cells may be capable of continuous 
renewal. The remainder, although able to undertake a limited 
number of divisions, is committed to eventual maturation. 
Manuscript received November 18, 1983; accepted for publication 
February 8, 1984. 
Reprint requests to: Dr. Jackie R. Bickenbach, Dows Institute for 
Dental Research, N423 DSB, The University of Iowa, Iowa City, Iowa 
52242 
Abbreviations: 
LRC: label retaining cell 
With such a pattern of epithelia l proliferation, the pulse 
labeling methods typically used to examine cell proliferation 
would primarily label t he amplification eli visions of cells com-
mitted to maturation. The more slowly cycl ing stem cells ulti-
mately responsible for tissue regeneration [18] would be labeled 
infrequently. Examination of various mouse epithelia several 
weeks following labeling with [:JH)dThd has indicated the pres-
ence of a small number of basal cells that retain incorporated 
nuclear label for extended periods of time [19,20). Electron 
microscopic autoradiography of such preparations indicated 
t hat t he majority of these label-reta ining cells (LRCs) a re 
keratinocytes. As it would be expected that incorporated nu-
clear label would ha lve at each division, retention of label thus 
appears to indicate the ex istence of a subpopulation of slowly 
cycl ing keratinocytes which may function as ep it heli a l stem 
cells. 
Further investigations have now demonstrated the presence 
of similar LRCs in a different species, the hamster, and indi-
cated that these cells are positioned in relation to the putative 
stem cell zones within t he papillary arch itecture of palatal and 
lingua l mucosa. 
MATERIALS AND METHODS 
La.beli.ng Procedure 
Groups or male and female Syrian hamsters received injections of 
10 ILCi or ["H]dThd (sp act 1.9 Ci/mmol) s.c. in the abdom inal area at. 
8:00 AM and 8:00 PM on the 5th and 6th days following birth (body 
weight approximately 10 g). 
J-1 is to logy and A u.toradiography 
The tongues, palates, ears, and cheek pouches from groups of 5 
hamsters were sampled 1 h, 30 and 69 days after labeling. Tissues were 
fixed in Bouin's solution, decalcified as necessary, wax sectioned, and 
processed for autoradiography by standard methods using Kodak NTB2 
nuclear track emulsion and an exposure time of 4 weeks as described 
in detail elsewhere (19]. Heads were sectioned in the frontal plane 
through the molar region to provide areas of palatal, buccal, and lingual 
mucosa for examination. The anterior part of each tongue was reembed-
ded for sectioning in the anterior-posterior plane through the tongue 
papillae. 
Cell and Grain Counts 
Labeled and unlabeled basal cells were counted in 5 nonconsecutive 
sections of each tissue of each hamster. A cell was considered labeled 
if 10 or more si lver grains lay over or within a few microns of the 
nucleus. The number of labeled cells was expressed as a percentage of 
the total number of basal cells (Table 1). For each specimen the 
background level of basal nuclear labeling was determined by grain 
counts of 500 nuclei from which nuclei with more than 10 grains were 
excluded. The data for each tissue at each time period were subjected 
to analysis of variance to test whether significant differences existed 
between the numbers of labeled cells present 30 and 69 days after 
labeling. To examine changes in the pattern of label retention with 
time, the number of grains lying over or within a few microns of each 
labeled nucleus was counted. For each specimen at 30 and 69 days after 
labeling, labeled nuclei were allocated into groups which increased 
incrementally by units of 5 si lver grains (see Fig 3). Cells with 40 or 
more grains were grouped together because the density of grains was 
then too great to permit grain counts. Approximately 50 labeled cells 
were counted for each specimen. Standard errors (n = 5) for the mean 
number of cells in each group were determined. 
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TABL E l. M ean percentage of basal LRCs in hamster epithelia at 
various times after labeling(± SE) 
1 H our 30 Days 69 Day• 
Ear 98.1 ± 1.0 1.27 ± 0. 19 0.38 ± 0.04 
Palate 98.5 ± 2.0 1.18 ± 0.19 0.55 ± 0.15 
Tongue 79. 1 ± 11.1 0.60 ± 0.08 0.31 ± 0.06 
C heek pouch 98.6 ± 2.1 0.36 ± 0. 10 0. 17 ± 0.08 
P o::; il.iun of LRCs in Palate and T ongue 
Sections of palata l mucosa from hamsters labeled 30 and 69 days 
previously were examined for LRCs and, using a Zeiss microscope wi th 
a drawing attachment, the position of each LRC wi thin its related 
p a latal papilla was recorded by marking the center of the cell and 
t rac ing the outline of the basement membrane zone. The ratio of the 
dista nce from the center of the LRC to the distal end of the papilla 
a nd the overall length of the papilla was determined and the percent-
ages of LRCs located in proximal and distal halves of the papillae 
calc ulated (see Fig 1). 
L ongitudinally cut specimens of dorsal tongue mucosa from hamsters 
la b e led 30 and 69 days previously provided preparations in which the 
fi li fo rm papill ae were sectioned in the anterior-posterior plane for 
ide ntification of the stem cell zone described by Hume and Pott.en [21] 
(see Fig 28 ). Wi thin such sections, LRCs were ini t ially determined to 
be basally or suprabasally posit ioned. Basal LRCs were further classi-
fied as lying in a stem cell or nonstem cell position using similar cri te ria 
to t h ose described by Hurne and Patten [21] . The percentage of LRCs 
in each category was determined. Counts were also made of the total 
num ber of basa l cells related to each region of papillary and inter-
p a pillary epithelium. 
RESULTS 
In tissues examined 1 h after the labeling sequence the great 
m a j o ri ty of basal cells were heavily labeled. Examination of 
t issu es 30 and 69 days after labeling showed only a slight 
residua l labeling in most of the basal cells . The background 
count for t issues 30 days after labeling was approximately 1 
s ilve r gra in per basa l nucleus and was fur t her reduced to less 
t h a n 1 grain per nucleus by 69 days after labeling. Occasionally, 
h owever, heavily labeled basal cells were observed (Figs 1A, 
2A). 
Cell and Grain Cou.nts 
The resul ts of coun ts of LRCs in ear epidermis and ora l 
mucosal epithelia are given in Table I. One hour after labeling 
a pproximately 98% of basa l cells in ear , palate, and cheek 
p o u c h and 80% of basal cells in tongue were labeled. Thirty 
days after labeling t he percentage of basal cell s retaining label 
varied from 0.3% in cheek pouch to 1.2% in ear. At 69 day , 
la b e ling vari ed· from 0.1% in cheek pouch to 0.5 % in palate. 
Ana lys is of va ria nce showed statistically signi fican t differences 
fo r e ach t issue between the number of LRCs observed 30 days 
a nd 69 days afte r labeling. 
The results of grain counts of labeled nuclei for each t issue 
30 a nd 69 days a fter labeling are shown in Fig 3. At both t ime 
perio ds t he majori ty of LRCs was fo und at lower labeling levels 
a nd t he ge nera l pattern of change for all t issues between 30 
a nd 69 days was of a dec reased percentage of LRCs at all levels 
o f l a beling. H owever , at both 30 and 69 days afte r labeling, 
p a late epithelia showed a large proport ion of heavily labeled 
cells, whereas in cheek pouch the total number of LRCs was 
sm a ll and t hese were only li ght ly labeled. 
Position. of LRCs 
Examination of sections of hamster palata l papillae showed 
t h at t he majori ty of LRCs were located in t he deepest part of 
t he e pithelia l papillae (Fig l A ). Resul ts of measurement of t he 
distribut ion of LRCs between t he proximal and distal halves of 
h a m ster papillae a re shown in T able Il. More t ha n 80% of 
L R Cs in hamster palatal papillae were located in t he proximal 
half. 
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The results of examining t he distribut ion of LRCs in sections 
of hamster tongue papillae are shown in Table II . Approxi-
mately 80% of LRCs occupied a basal posit ion and 20% a 
suprabasal posit ion, wit h the latter cells lying in the inter-
papillary region. T he tongue papillae of t he hamster are less 
regul ar and larger t han t hose of t he mouse and t here was a 
total of 32-49 basal ce lls per sectioned papilla ry uni t. Of t he 
basally pos it ioned LRCs, 26% at 30 days and 30% at 69 days 
were located in t he region previously suggested by H ume and 
Potten [21) to be t he stem cell posit ion (Fig 2). 
DISCUSSIO N 
Labeled basal cells were observed in each of t he epit helia 
examined ~0 a nd 69 days following t he labeling of young 
hamsters wt th [·'H]dT hd. The number of LRCs in each t issue 
was similar to t hat found previously in t he same anatomic 
regions _of mic~ following a similar labeling schedule [19,20]. 
The ratiOnale for t he present and previous labeling studies was 
b a 
B 
FtG 1. Position of LRCs in hamster palate. A, LRC (a rrow) in a 
proximal posit ion wit hin a papilla. B, Diagram of palatal papilla 
illustrating the method of measuring length of papilla (b ) and di stance 
of LRC to top of papilla (a). 
620 BICKENBACH AND MACKENZIE 
/ 
B 
FIG 2. Position of LRCs in hamster tongue. A, LRC (arrow) in stem 
cell position. B, Diagram of tongue papilla similar to that of Hume and 
Potten [21] with stem cell positions shaded. AC = Anterior column; 
PC= posterior column; JP = interpapi llary region . 
based on certain putative properties of stem cells in stratified 
squamous epithelia. These were (a) that stem cells form on ly a 
fraction of the proliferative popu lation, (b) that they cycle more 
slowly than committed cells undergoing amplification division, 
and (c) that a stem cell would be responsible for renewing the 
supply of maturing cell s within a given territory and might thus 
be spatially related to units of ep ithelial architecture . A small 
fraction of slowly cycling cells would be expected to label 
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FIG 3. Grain distribution of LRCs in hamster epithe lia. LRCs were 
allocated into groups increasing incrementally by units of 5 si lver grains 
(i .e., 10- 14, 15- 19 . .. ) except that when there were more than 40 
grains a cell was reco rded on ly as heavily labeled (2!40). Each bar 
represents the percentage of LRCs in each group(± SE) . 
TABLE II. Position of LRCs in hamster 
Proximal half 
Distal half 
Suprabasal 
Basal 
Suprabasal 
30 Days 
Palatal papillae (± SE) 
83.5 ± 1.9% 
15.0 ± 1.3% 
1.5 ± 10.% 
Tongue papillae(± SE) 
79.1 ± 8.0% 
Basal in stem cell position 
20.8 ± 8.0% 
25.8 ± 5.0% 
69 Days 
78.9 ± 6.0% 
16.8 ± 4.6% 
4.3 ± 2.2% 
78.0 ± 6.3% 
21.9 ± 6.4 % 
29.5 ± 7.2% 
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infrequently with ["H]dThd bu t, once labeled, such cells would 
b e expected to retain label for longer periods of t ime t han other 
rno r e rapidly di viding basa l cells. The present resul ts indicate 
t h at it is possible to reproducibly demonstrate cells in epidermis 
and mucosal epithelia that retain label in a fashion compatible 
w i t h thi s prediction. However, the prec ise way in which t hese 
r esults a re to be interpreted is not entirely clea r. 
Examination of mouse ea r epidermal sheets for LRCs afte r 
histochemical processing to demonstrate /1-glucuronidase, a 
rn ark er for Langerhans cells [22,23], and electron microscopic 
a u toradiography [19] has demonstrated that less than 10% of 
t h e L RCs a re nonkeratinocytes . 
T h ere is some evidence from previous studies to suggest that 
epith~lia l stem ce ~l s may occupy spe.cific posit ions in relat ion 
to e p1t heha l a rch1tecture. In the f1hform pap11lae of tongue, 
examination of short -term patterns of uptake and loss of [3H] 
d T hd label suggests t hat the epithelial basal cells occupying 
posi t ions at t he boundaries between papillar~ and interpa~il ­
la r Y epit helium act as stem cell s for the anten or and postenor 
cell columns of t he papillae and that the basal cells above t h1s 
pos it ion form a transit population [21]. In a thin epidermis, 
stem ce ll s may occupy a central posit ion among the basal cells 
r e lated to each overlying uni t of columnar st ructure [15]. Lav-
k e r a nd Sun [24], from ult rastructural and labeling obse rva-
t ions, have suggested that, in the t hicker pa lmar and plantar 
epide rmis, stem cells may be .situated at t he t ip of epidermal 
r ete ridges. It is therefore of 1nterest that t he LR~s ob~erved 
· n t h e present study tended to be preferent ia lly s1ted 111 t he ~tern cell pos it ion for tongue y apillae [21] and. in a prox~ma l 
(d eep) posit ion in palatal pap.dlae. A ~or~ detad~d a J~a lys1 s of 
L RCs in mouse [23 ] has confmned t h1s d1stnbutwn tor palate 
and tongue and also indicated that LRCs are cent rally located 
b e n e ath epidermal columns. . . 
The ce ll cycle time of cheek pouch cells IS about 5-6 days 111 
t h e a dul t hamster [25,26] and about 5 cell divisions would thus 
b e predicted during the period from the last lab~ l .on day 6 to 
sam p ling 30 days later. A total of about 12 c~ll dJvJ.s!Ons would 
b e p r edicted between day 6 and day 69 . Growmg ammals would 
pro b ably have a more rapi? rate ~f division duri.ng t he. early 
p e rio d. Estimates of the gram dens1ty over nucle1 111 .spe~1m~ns 
t ake n 1 h after labeling suggest t hat normal equal d1stnbubon 
of DNA and l abe l ~ h a l ving at each of 4 ce ll divisions would be 
s u ffic ient for ini t ially labeled cells to appear unlabeled (1.e., less 
t h an 10 grains). The cell cycle t ime in t he other t issues exam-
ine d is probably similar to t hat of cheek pouc~ [26]. '!'he 
presence of LRCs cannot therefore be explamed 1f t here IS a 
unifo rm basa l ce ll cycle and normal ha lvmg of label at each 
cell division in. t he epithelia examined. There are several pos-
s ible explanations for t he presence of basal keratinocytes that 
retain label for extended periods of t ime, e.g., (a) t hat they are 
a r t i factually halted in the cell cycle due to radiation damage 
fr o m incorporated ["H]dThd, (b) t hat t hey have an unusual 
p attern of DNA segregat ion during divi s.ion and that retent ion 
o f la b el is not a guide to t heir cell -cycle t 1me (27], (c) t hat t hese 
cell s have a slow ce ll cycle , or have been removed from the cell 
cycle in a physiologic (G0?) state [28]. . 
In previous experiments it was demonstrated that LRCs 111 
mou se epidermis were capable of entering mitosis and pa rt ici-
p ated in the formation of cell colonies in cul ture [19]. It does 
not t herefore appear t hat LRCs are irreparably damaged or 
permanently blocked from the cell cyc le. The presence of LRCs 
cannot be attributed to reut ilization of DNA label released by 
maturing cell s. Other experiments (not reported here) indicate 
t h at in mouse ear epidermis, about 15 days after ini t ia l labeling, 
t h e r e is a genera li zed small increase in the gra in count ove r 
basal nuclei associated wit h reut ilization but t hat the number 
of h eavily labeled cells does not increase at this t ime. 
Cairns [27] and Potten et a! [29] have postulated that DNA 
segr egation may occur during stem cell divisions and t hat the 
stem cell may reta in t he oldest DNA strands and export newly 
sy n t h es ized strands to its committed daughter cells. W ith t hi s 
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scheme, any label incorporated into newly synthesized stem 
cell DNA will be exported by the second division after labeling. 
H owever, condit ions resulting in labeling of the retained stem 
cell strand would lead to the cell be ing permanently labeled. 
The observation of cells t hat retain label for up to 69 days could 
be t heo retically explained by labeling of t he permanent DNA 
strand. The condit ions under which this might occur are un-
certain but could ari se when stem cells are created duri ng 
growth or replaced fo llowing stem cell damage. 
In each t issue, t he number of labeled ce lls decreased between 
30 and 69 days and three explanations for t his observation, 
possibly in combination, need to be considered: (a ) t hat cells 
were permanent ly labeled and t he absolute number of LRCs 
remained constant but appeared to decrease as t he number of 
unlabeled basal cells increased wit h growth , (b ) that the cells 
were permanently labeled and loss of LRCs resulted from 
radiation-induced death of t hese ce lls, or (c) t hat t here was 
normal dilut ion of label on division but the labeled cells had a 
very slow cell cycle. 
From measurements of anatomic landmarks in histologic 
sections, it was estimated t hat t he size of t he oral t issues in 
hamster increased by about 10% between 30-69 days. T his 
degree of growth might cont ribute to a reduction in the per-
centage of LRCs but not for t he 50-70% reduction observed. 
The present data cannot clearly distinguish between loss of 
LRCs due to cell death or to label dilut ion due to cell division . 
However, if rates of cell death were related to the degree of 
radioactive label retained, more rapid loss of heavily labeled 
than light ly labeled cells might be expected, but t his was not 
observed. 
Severa l studies have indicated that some ce lls wit hin prolif-
erative populat ions may be held out of t he ce ll cycle for ex-
te nded periods of t ime (28]. The signi ficance of such a resting 
phase (usua lly termed Go) is uncertain , but it is possible that if 
LRCs have an extended cell cycle t ime t hey may spend part of 
their intermitotic period in G0 • Lajt ha [18], whose work was 
associated with the early establishment of G0 concepts, has 
commented that an advantage of stem cells having an extended 
phase out of cycle might be that it would make possible more 
extensive screening and repair of any genetic damage prior to 
the next division. The existing kinetic data are not, however , 
compatible wit h an explanation of t he existence of L RCs solely 
in terms of an extended intermi totic t ime. All of the cells in 
the stem cell posit ion of mouse tongue papillae appear to have 
a short cell cycle t ime of about 24 h (21,30] and t his is difficul t 
to reconcile wit h the long-term retent ion of label by cells in 
this pos it ion unless there is an unusual pattern of segregation 
of label on division [27,28]. 
The observation of LRCs in va rious hamster epitheli a 30 and 
69 days a fter labeling corroborates previous findings in t he 
mouse [19,20] and suggests that retention of a nuclear label by 
some epit helial cell s is a reproducible phenomenon. These cells 
appea r to be viable basal keratinocytes and the data presented 
here appear to provide furt her support fo r t he concept of 
inhomogeneity within t he basal cell population of stratified 
squamous epithelia: some basal keratinocytes appear eit her to 
cycle more slowly t han other basal ce lls or to have an unusual 
pattern of DNA segregation , and such cells also appear to 
occupy preferent ially a specific location wit hin t he t issue a r-
chi tecture. A two-stage patte rn of proli fe ration within epithelia 
consisting of a subpopulation of stem cell s producing comm itted 
ce lls that undergo ampli fication division would be of impor-
tance to several aspects of epi t helial biology. For example, it 
would require reassessment of some ex isting kinetic data and 
reevaluation of concepts of growth cont rol t hat are based on 
basal homogeneity. Furt her , as most prolife rative cell s would 
be commi tted to maturation and loss from the t issue in a 
relatively short time, t he subpopulation of stem cells would 
appear to fo rm the target cell s for malignant t ransformation 
[27]. The present demonstration of LRCs in epit helia, a lt hough 
compatible with certa in predictions derived from a stem cell 
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concept, cannot at t his stage be taken as indicating that such 
cells function as a subpopulation of stem cell s as conceived by 
Cairns [27] or Potten [17]. However, information about the 
clonogenic capabilities of LRCs and demonstration of patterns 
of amp li fication would clearly strengthen the functional iden-
t ification of such cells as epithelial stem cells. If such evidence 
is forthcoming, the abili ty to mark stem cells by label retent ion 
should permit further studies of their kinetics and behavior. 
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